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NASA Air Force Cost Model (NAFCOM): « 

Capabilities and Results ^ 








NAFCOM Description 


NAFCOM is a parametric estimating tool for space hardware. 

Uses cost estimating relationships (CERs) which correlate 
historical costs to mission characteristics to predict new project 
costs 

It is based on historical NASA and Air Force space projects. 

It is intended to be used in the very early phases of a 
development project. 

NAFCOM can be used at the subsystem or component levels and 
estimates development and production costs. 

NAFCOM is applicable to various types of missions (crewed 
spacecraft, uncrewed spacecraft, and launch vehicles) 

There are two versions of the model: a government version that 
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Extensive Historical Database 

‘Based solely on historic NASA and Air 
Force space flight hardware projects 
‘Database contains 149 Missions 
‘Applicable to broad spectrum of missions 
(launch vehicles, crewed and uncrewed 
spacecraft, engines) 


User Friendly Interface 

‘Wizard for novice users 
‘Interface allows rapid risk analysis, time 
phasing, and cost trades 
‘Extensive reporting features 


Various Estimating Methods 

•Multi-variable 

•Cost is a function of technical, 

I performance, and management 

lii^lllpsed'TJnalogies 
•User-defined 


SAIL 


•There are currently over 1000 
registered NAFCOM users. 

•Training classes are provided at 
multiple NASA sites each year. 

•Technical support and senior level 
analytical support are also provided.. 
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1990 

• NASCOM database in 
hardcopy only 
» Estimators hand-entered 
data into spreadsheets 
• Database contained 65 
data points 


1992 

• Allowed online searches 

and copying of data 

• Cost estimates developed 
in spreadsheets with CERs 

created by individuals 
• Database contained 70 
data points 
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2011 

• Thruput $ in any fiscal year 

• Historical weight units 
sensitive to global selection 

• Two new templates (Earth 

Orbiting and Planetary) 

• Historical Database QA 

• Multi-Variable CER Mission 

indicator 

» Database contains 149 data 
points 







2008 

• 17 New Component Level 

multi-variable CERs 

• New statistics integrated 

into database 

• Historical Schedule Data 
integrated into toolbar 

’ Converted to .NET Platform 
and SQL Databases 
• New interface for risk 
analysis outputs 
’ Database contains 135 data 
points 
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2007 

• Calibration Module 

• Matrix Consistency Checker 

• Ability to send full NAFCOM 
Cost Report directly to Excel 

• Database contains 133 data 

points 



1994 

• Fully functional cost 
model with user defined 
WBS and data access 

• CERs built automatically 

within NASCOM using 
"1st Pound" method 

• Database contained 91 

data points i 



1996 

• Combined NASA and Air 
Force data 

• Enhanced search and 
filtering of data 
• Standardized WBS 
elements created 

• Database contained 102 

V points y 


1999 

First non-weight based CERs 
for five subsystems (multi- 
variable CERs) 
Government and contractor 
versions distributed 
• Database contained 114 
data points 


2002 

• Total re-write of all 
NAFCOM program code 

• multi-variable CERs for all 
subsystems 

• Major user interface 

improvements 

• Database contains 122 data 
points 


2004-2006 

• Cost Risk Analysis Module 
• CER Improvements 
•SOCM 

• Component level multi- 

variable CER 

Allocation of Risk Dollars by 
WBS Elements 
• WBS Generator 

• Expanded Drag and Drop 

manipulation 

• Dynamic display of Weight 

Based standard errors 





Name 

Three-Stage Vehicle 
Q Stage 1 

Stage 1 Subsystems 
0 Structures & Mechanisms 

h Vehicle Structures & Mechanisms 
^ Tank Structures & Mechanisms 
0 Thermal Control 

: Environment/Active Thermal Control 
? Induced Thermal Protection 
^ Tank Thermal Control 
h Main Propulsion System (less engines) 
i Electrical Power and Distribution 
' Command; Control & Data Handling 
0- Stage 1 System Integration 

f Integration; Assembly and Checkout (lACO) 
i System Test Operations (STO) 

0 Ground Support Equipment (GSE) 

I Tooling 
^ M/E GSE 

; System Engineering & Integration (SE8d) 

;? Program Management (PM) 

- Launch & Orbital Operations Support (LOOS) 
••• Fee 

■••• Program Support 
Contingency 
Vehicle Level Integration 
0 Stage 2 


Weight- 


Mosl Likely 


Thfupuls ■ Entei Costs as T1 Values In FY 200G $ Millions' 

□ D^D 

□ STH 

[] Flight Unit 


Common Multi-Variable Inputs - 

Manutactuiing Methods 
Engineering Management 
Ner*r Design 
Funding Availability 
TestApproaoh 
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Mission 

Selected 

NolnSS 

Known Inheritance 

Subsystem 

Type 

Level 

New Des. 

LB 

Centaur-D 

o 

0 

Centaur-D: Stru... 

Structural^tech... 

Group 

0.8 


ACTS 

B 

0 

ACTS: Spaceaa... 

Structural^lech... 

Group 

O.7I 


AE-3 

B 

0 

AE-3: Al of the... 

Structural/Mech... 

Group 

0.6 


AEM-HCMM 

B 

0 

AEM-HCMM: Th... 

Structural/Mech... 

Group 

0.4 


ALEXIS 

B 

0 


Structural/Mech... 

Group 

0.1 


AMPTE-CCE 

B 

0 

AMPTE-CCE: Th... 

Structural/Mech... 

Group 

0.5 


Apollo CSM 

B 

0 

ApoloCSM:Hea... 

Structural/Mech... 

Group 

1.0 


Apollo LM 

B 

0 

Apollo LM: The f... 

Structural/Mech... 

Group 

1.0 


Aqua 

B 


Aqua: Truss and... 

Structural^ech... 

Group 

0.4 


ATS-1 

B 

0 

ATS-1: The maj... 

Structural/Mech... 

Group 

1.0 


ATS-2 

B 

0 

ATS-2: The maj... 

Structural^ech... 

Group 

1.0 


ATS-5 

B 

0 

ATS-5: The maj... 

Structural/Mech... 

Group 

0.9 


ATS-6 

B 

0 

ATS-6: Structur... 

Structural/Mech... 

Group 

0.8 


Cassini 

B 



Structural/Mech... 

Group 

0.9 


Centaur-G Pri... 

B 

0 

Centaur-G Prime... 

Structural/Mech... 

Group 



Chandra 

B 



Structural/Mech... 

Group 

0.9 


CloudSat 

B 


ICESat 

Structural/Mech... 

Group 

0.1 


COBE 

B 

0 

Structure similar... 

Structural/Mech... 

Group 

0.6 
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Specific Inputs 
les? 


Most Likely 


Most Likely 

I (3) Mod. Mfg Techniques 
I (5) Major Reg. Changes 
I (3) New design. Components"^ 
I (3) Funding is Constrained ■ D~v| 
I (3) Maximum Testing, Qualific'^ 
I (3) Extensive Major InterlaceT^ 
I (2) One Study Contract ■Betw'v| 


Most Likely 
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14 New Missions were added to NAFCOM Irs Historical Database 
bringing the mission total to 149: 

- CloudSat 

- ECLS (OGS, WRS) 

- IBEX 

- LCROSS 

- MAP 

- Messenger 

- MRO 

- New Horizon 

- RHESSI 

- SLWT 

- Spitzer 

- STEREO 

- TRMM 





New Multi-variable CER 

Composite Structures 

Historical weight units are 
now sensitive to global 
selection 

Users now have the ability 
to thruput costs in any 
fiscal year. 

While in the multi-variable 
CER methodology the 
fnissions that were utilized 
to create the active CER 
will be bolded in the on 
screen dataview. This eiv 
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Real Year Time 
Phasing 


templates 


new 


been added 


Earth Orbiti 


Planetary, 


missio 


organization have 
been added to the 


historical schedule 


database 
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NAFCOH 11 Template Wizard 
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1 Elements 

Weight 

(lbs) 

STH 

Qty 


% of Fit 

Unit 

IVIfg PiletlV^D Cmplx 

Eng Piflemt/dD Imlier 


New 
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System 1 







System ISubsystems 








Structures & Mechanisms 

1,200. D 

1 

13D 

(2) S i g. Mf gT e ch n i q u e s 

V 

(2) Few Design Changes 

V 

(0) Ne^ 


Vehicle Structures a Mechanisms 

S44.D 

1 

13D 

(2) S i g. MfgT e ch n i q u e s 

V 

(2) Few Design Changes 

V 

(0) New 


Ta n k St ru ct u re s a M e ch a n i s m s 

S44.D 

1 

13D 

(2) S i g. MfgT e ch n i q u e s 

V 

(2) Few Design Changes 

V 

(0) New 


Thermal Control 

ADD.D 

1 

13D 

(2) S i g. MfgT e ch n i q u e s 

V 

(2) Few Design Changes 

V 

(0) New 


Environment/Acti we Thermal Control 

IDD.D 

1 

13D 

(2) S i g. MfgT e ch n i q u e s 

V 

(2) Few Design Changes 

V 

(0) New 


Induced Thermal Protection 

2DD.D 

1 

13D 

(2) S i g. MfgT e ch n i q u e s 

V 

(2) Few Design Changes 

V 

(0) New 


TankThermal Control 


1 

13D 

(2) S i g. MfgT e ch n i q u e s 

V 

(2) Few Design Changes 

V 

(0) New 


Main Propulsion System (less engines) 

50D.D 

1 

13D 

(3) Mod. MfgTechniques 

V 

(5) Distributed Design Team 

V 

(0) New 


Composite Structures 

15B.6 

1 

13D 

(2) S i g. MfgT e ch n i q u e s 

V 

(2) Few Design Changes 

V 

(B) Li mi 


Electrical Powerand Distribution 

IDD.D 

1 

13D 

(3) Mod. MfgTechniques 

V 

(5) Distributed Design Team 

V 

(0) New 


Command, Control a Data Handling 

IDD.D 

1 

13D 

(3) Mod. MfgTechniques 

V 

(B) D i St ri b ut e d D e s i gn Te a m 

V 

(0) New 


System 2 








System 2 Subsystems 








Structures a Mechanisms 

1,200. D 

1 

13D 

(2) S i g. MfgT e ch n i q u e s 

V 

(2) Few Design Changes 

V 

(0) New 


Vehicle Structures a Mechanisms 

S44.D 

1 

13D 

(2) S i g. MfgT e ch n i q u e s 

V 

(2) Few Design Changes 

V 

(0) New 

























Intent & Guidelines 


actuals 


1 level, no thruputs 

'ehicle projects 
rbiting and Planetary 

s— level playing field 


imates at s 


s of only L 
to include 


expanded 


Purpose of this exercise was to create 
benchmark estimates of selected missions in 
their final state to compare against historical 




port results 


• Extract historical subsystem data and actual costs 
from NAFCOM database for identified missions 

• Model these missions in NAFCOM07 to estimate 
subsystem costs 

- Deflate to FY06 as common denominator 

• Model same missions in NAFCOM08 and 11 with 
identical technical inputs (NAFCOM file 
converter) 

• Collect all subsystem data in summary database 



Selected Mission Set 


• Launch Vehicles (focus of this presentation) 

- SRM, SRB, S-IVB, S-IC, S-ll, Shuttle Orbiter 

• Science Missions (results in backup) 

-Aqua, Chandra, DART, IBEX, STEREO, CONTOUR, 
Deep Impact, Genesis, LCROSS, MRO 






Comparison to Actual— LV DDT&E 




Elec Power and 


Sys Integration 


Struct/Mech 


and STH 

1 





SRM 


SRB 


SIVB 


Shuttle Orbiter 


I Actual ■ NAFCOM 07 ■ NAFCOM 08 ■ NAFCOM 11 










Log-Log Scatter 


t f 


NAFCOM Launch Vehicle Benchmarking - DDT&E Cost 


Orbiter 


S-IC 


SRM 


♦ NAFCOM 07 


Actual 


NAFCOM 08 A NAFCOM 11 


•Reference 











NAFCOM Launch Vehicle Benchmarking - Flight Unit Cost 


SRB S-IVB 

♦ ♦ 


Orbiter 


S-IC 


♦ NAFCOM 07 


Actual 


NAFCOM 08 A NAFCOM 11 


•Reference 





Scorecard 


Standard Percent Error of sample set can be calculated as 
square root of sum of squares of percent error divided by 
degrees of freedom, or in equation form: 




Benchmarking Standard Percent Error 


100 % 


80% 


Std%Err 


60% 


40% 


20 % 





1 / A 

StdVoErr = ^ 

/±CL — rjSL 


Act j 

dof 


U7b 

LV DDT&E 

LVTFU 

EO Total 

PL Total 

Portfolio 


■ NAFCOM 07 

27% 

87% 

45% 

87% 

62% 


■ NAFCOM 08 

18% 

29% 

47% 

27% 

29% 


■ NAFCOM 11 

21% 

27% 

39% 

19% 

25% 
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merits 


• Relatively consistent oi 
classes in NAFCOM 11 


es across mission 


Benchmarking Results 


Benchmarking activity highlights general 
improvement in estimating tools 

- Helped with additional data points and CER 




ercial Projects 


NAFCOM database does not currently contain any 
commercial projects data 

NAFCOM database does contain X-projects data 

NAFCOM technical inputs provide a wide range of 
settings which when used properly, can capture 
various development environments 

NAFCOM recently used to capture/estimate a 
commercial launch v 


capture 


ipture/estimate a 
evelopment cost 




NAFCOM Estimate 


NAFCOM technical inputs 
represent the different ap 

Commercial approach res 
Act Agreement 


e times 


Falcon 9 


NASA HQ developed two cost estimates using Falcon 9 
technical information: 

- A commercial approach (SpaceX Space Act Agreement/ 
Firm Fixed Price like acquisition) 

- A traditional NASA development approach (cost plus fee 


s were adjusted to 
in each estimate 

lin 13% of the Space 







Falcon 9 NAFCOM Cost Estimate 

results 


Falcon 9 NAFCOWI Cost Estimate update 
NASA Traditional Development Vs* Space Act Agreement 
DDTSiE + Two Test Flight Unit (Engines Included) 
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Conting 


ncy 


PS 




Fee 


2nd 


Stage 


Test 


Unit 


1st 


Stage 


Test 


Units 


2nd 


OOT&E 


Stage 


OOT&E 


1st 


Stag 


NASATraditional Development 


Space Act Agreement 








Science 


sions 


vehicle/ 

xcluded 


Note: instruments, I 
and Phase E (operat 

- Spacecraft bus only 


rvices 


ed with multi-variable 


Less concern on separating DDT&E from 
production for one-off missions 

This analysis combines both to assess total 
hardware cost 







ComparisonsJro Actual 






DART 


Challenging Low-Cost Missions 


T 


Chandra 


Aqua 


IBEX STEREO CONTOUR Deep Genesis LCROSS 

Impact 


MRO 


Actual BNAFCOMO? ■ NAFCOM 08 BNAFCOMll 
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NAFCOM EO & PL Benchmarking - Total Bus Cost 


MRO 


Deep 

Impact 

♦ 

CONTOUR 4 


Chandra 


Aqua 


1 

-. ivSij'j 


LCROSS ♦ 

Genesis 

f 

I DART 


STEREO 




■vfi 


IBEX 


Actual 


♦ NAFCOM 07 


NAFCOM 08 A NAFCOM 11 


Reference 



